the subsequent influx of calcium ions triggers the fusion of docked synaptic vesicles with the membrane. The vesicles then release their cargo of neurotransmitters onto the membrane of the postsynaptic neuron. In this way, signals are passed between neurons.
Endocytosis is required to recycle fused vesicular membranes, restore the terminal's original surface area and prevent depletion of vesicle pools. Fast and slow modes of endo cytosis coexist at several different types of nerve terminal, and the kinetics of the process seems to depend on how much exocytosis has previously occurred. The slow mode tends to dominate after mild to strong stimulation and takes, on average, 10-20 seconds. This mode is thought to occur after complete collapse of the vesicle membrane into the terminal's membrane and to require several proteins, such as clathrin and dynamin, to recycle the membrane at sites outside the active zone 2 . By contrast, the fast mode of endocytosis prevails after weak to mild stimulation and takes, on average, only 0.3-1 seconds. The mechanisms that mediate this mode are not well understood, but it has been observed in both small and large nerve terminals [3] [4] [5] [6] , and seems to be most prominent and robust in mature nerve terminals 7, 8 . One proposed mechanism suggests that vesicles release neuro transmitters through a transiently opened fusion pore; the vesicle then reforms in less than 1 second as the pore closes, and detaches from the membrane 3, 4 . Therefore, the vesicle membrane does not collapse into the terminal's membrane. This mechanism has rather whimsically been called kiss-and-run.
A third mode of endocytosis predominates during prolonged, strong stimulation that leads to the fusion of several vesicles and occurs about 1-2 seconds after the onset of stimulation. In this bulk mode of endocytosis, a large membrane invagination is incorporated into the terminal from the cell membrane, from which several clathrin-coated vesicles can bud off 1 expressed light-activated channels in the cell membranes of nerve terminals in vitro. The channels respond to a 10-millisecond flash of blue light by allowing an influx of sodium ions. This depolarizes the cell membrane, triggering action potentials at the end of the light flash that open calcium channels in the active zone of the nerve terminal. The resulting influx of calcium ions causes docked synaptic vesicles to fuse with the cell membrane at the active zone of the terminal, releasing neurotransmitters onto the membrane of the postsynaptic neuron. This chain of events occurs within 1-2 ms. The authors observed that an ultrafast mode of endocytosis occurs within 50-100 ms after the onset of the light flash, in which large vesicles are generated from the cell membrane. The process required actin and dynamin proteins. It is not known how small synaptic vesicles are re-formed from these larger vesicles.
EXTRASOLAR PLANETS

Inner edge of the habitable zone
A three-dimensional climate model indicates that the fraction of Sun-like stars that might harbour a rocky planet within their habitable zone could be smaller than previously estimated. See Letter p.268
he successful, if perhaps somewhat premature, conclusion of NASA's Kepler mission has spawned renewed interest in potentially habitable planets. According to recent research 1 , some 22% of Sun-like stars might host a rocky planet within their habitable zone -the region within which liquid water can exist on the planet's surface. With roughly 100 billion stars in the Galaxy, this implies that there could be as many as 22 billion other Earth-like planets. But this estimate depends crucially on how the zone's boundaries are defined. The habitable zone has recently been redefined 1 as extending from 0.5 to 2 astronomical units around a Sun-like star, where 1 au is the mean Earth-Sun distance. This is a curious choice, because the completely desiccated planet Venus orbits at 0.72 au, suggesting that the habitable-zone inner edge is somewhere beyond that distance. On page 268 of this issue, Leconte et al. 2 show that the inner edge probably lies closer to 0.95 au, where the solar flux is about 1.1 times that at Earth's orbit (Box 1).
If Leconte and colleagues' result is correct, and if planets are spaced as they are in our Solar System, then the previous estimate 1 for the fraction of Sun-like stars that might have a rocky planet within their habitable zone -which astronomers term η Earth ('etasub-Earth') -could be too high by a factor of almost 2. This difference is important because a smaller value for η Earth implies that a future space telescope designed to observe and characterize such planets must be correspondingly larger.
Ironically, the new estimate of 0.95 au is essentially the same as two older estimates 3, 4 for the inner edge of the habitable zone. Twenty years ago, researchers calculated 3 that this orbital distance was where a moistgreenhouse atmosphere would occur. This is an atmosphere in which liquid water remains present at the planet's surface, but the stratosphere, which lies just above the lowest portion of the atmosphere, is also wet. This allows vesicles with open fusion pores before full collapse -using conventional electron micro scopy (EM). However, Watanabe and colleagues' experimental approach allowed them to capture hundreds of images of EM omega figures.
The authors cultured mouse hippocampal neurons and then expressed a light-activated channel protein in their membranes by infecting them with non-toxic viruses that contained the channel's DNA. When irradiated with a 10-millisecond flash of blue light, these proteins allow sodium ions to enter the neurons (Fig. 1) . This influx depolarizes nerve terminals and, at the end of the light flash, triggers one or two action potentials, which open voltage-gated calcium channels at active zones. The resulting influx of calcium ions then triggers the fusion of docked synaptic vesicles with the plasma membrane and the release of neurotransmitters.
Because this chain of events occurs within a few milliseconds, Watanabe and co-workers engineered a device that cooled the nerve terminals from about 34 °C to roughly 0 °C as early as 10 ms after the initiation of vesicle fusion. This rapid freezing process allowed the researchers to capture EM images that directly confirm the long-standing hypothesis that a subset of primed and docked vesicles fuse preferentially at active zones rather than outside them. Furthermore, the authors observed that vesicle-depleted active zones are repopulated with a full complement of docked vesicles within roughly 4-10 seconds. This coincides with the average time course for recovery from synaptic depression (the activity-dependent, temporary inability of a neuron to secrete neuro transmitters), which suggests that the depletion of a primed subset of docked vesicles is one major mechanism for short-term synaptic depression.
Watanabe and colleagues went on to capture morphological changes in the nerve terminal's cell membrane at several time points after light-evoked stimulation of the terminal. They observed that, after exocytosis, the vesicular membrane fully collapses and flattens onto the plasma membrane. About 50 ms after the light flash, the first signs of membrane invagination (the beginnings of endocytosis) occur at locations outside the active zone. As early as 50-100 ms after the onset of the light flash, the authors observed large invaginations that seemed to form unusually large vesicles (Fig. 1) . These vesicles have a fourfold greater surface area than normal synaptic vesicles and do not seem to have standard clathrin coats. Therefore, this ultrafast mode of endocytosis is mediated by an unidentified set of mol ecules, but is clearly distinct from kiss-and-run because it occurs outside the active zone.
What is the signal that leads to the rapid formation of these large vesicles? One possibility is the sudden reduction in membrane tension that occurs after the full fusion and collapse of docked vesicles. This reduction could lead to the rapid invagination of previously fused synaptic-vesicle membranes. Indeed, fast endocytosis is blocked by an increase in neuronal hydrostatic pressure and membrane tension at some nerve terminals 9 . Watanabe and colleagues' results constitute a major technical advance over earlier work because they reveal clear EM omega figures after only one or two action potentials. EM omega figures could previously be captured routinely only under non-physiological conditions in which synapses were treated with drugs to prolong action-potential duration and then stimulated. Nevertheless, earlier pioneering experiments 10 using the rapidfreezing technique were the first to prove that neurotransmitter release occurs through the exocytosis of synaptic vesicles. The combination of optical stimulation with rapid-freezing EM now promises to reveal the details of the first few hundred milliseconds after exocytosis at small bouton-type nerve terminals in the mammalian central nervous system. As we zoom in on the intricate nanomachinery that couples exocytosis to endocytosis with everhigher temporal resolution, we are reminded that a pristine picture is often worth more than a thousand words. ■ 
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